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Production of human compatible high mannose-type 
(Man5GlcNAc2) sugar chains in Saccharomyces cerevisiae 
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ABSTRACT: 

A yeast mutant capable of producing Man5GlcNAc2 human compatible sugar chains 
on glycoproteins was constructed. An expression vector for .alpha. - 
***1*** ,2-iiiannosidase with the "HDEL" endoplasmic 

reticulum retention/retrieval tag was designed and expressed in Saccharomyces 
cerevisiae. An in vitro .alpha. -1,2- 

***mannosidase*** assay and Western blot anal, showed that it was 
successfully localized in the endoplasmic reticulum. A triple mutant yeast 
lacking three glycosyltransf erase activities was then transformed with an . 
***alpha*** . -1, 2-mannosidase expression vector. 

The oligosaccharide structures of carboxypeptidase Y as well as cell surface 
glycoproteins were analyzed, and the recombinant yeast was shown to produce a 
series of high mannose-type sugar chains including Man5GlcNAc2 . This is the 
first report of a recombinant S. cerevisiae able to produce 

Man5GlcNAc2-oligosaccharides, the intermediate for hybrid-type and complex-type 
sugar chains. 
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N-glycosylation affects endoplasmic reticulum 
degradation of a mutated derivative of 
carboxypeptidase yscY in yeast 

Knop, Michael; Hauser, Nicole; Wolf, Dieter H. 
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ABSTRACT : 

The endoplasmic reticulum (ER) of eukaryotic cells contains a quality control 
system, that is required for the proteolytic removal of aberrantly folded 
proteins that accumulate in this organelle. We used genetic and biochem. 
methods to analyze the involvement of N-glycosylation in the degrdn. of a 
mutant deriv. of carboxypeptidase yscY in the ER of the yeast Saccharomyces 
cerevisiae. Our results demonstrate that N-glycosylation of this protein is 
required for its degrdn. since an unglycosylated species is retained stably in 
the ER. Cells that were devoid of the ER-processing . alpha. 1 
,2-mannosidase showed reduced degrdn. of the glycosylated 
substrate protein. Disruption of CNEl, a gene encoding a putative yeast 
homolog for calnexin, did not exhibit any effects on the degrdn. of this 
substrate protein in vivo. Also, the .alpha. 1,2- 

***mannosidase*** -dependent redn. in the degrdn. rate did not show any 
correlation with the function of the CNEl gene product. Our results suggest 
that the ER of yeast contains a glycosylation-dependent quality control system, 
as has been shown for higher eukaryotic cells. 
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TITLE: Two naturally occurring mouse 

1/ 2-mannosidase IB cDNA 
clones differ in three point mutations. 
Mutation of Phe592 to Ser592 is sufficient to 
abolish enzyme activity 
Schneikert, Jean; Herscovics, Annette 

McGill Cancer Center, McGill Univ., Montreal, PQ, H3G 
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ABSTRACT : 

In mammalian cells, .alpha. -1,2- 

***mannosidases*** play an essential role in the early steps of N-linked 
oligosaccharide maturation. We previously reported the isolation of mouse 
.alpha. -mannosidase IB cDNA clones from a Balb/c 3T3 cDNA library. Clone 4 
encodes a type II membrane protein of 641 amino acids with a cytoplasmic tail 
of 35 amino acids, followed by a transmembrane, domain and a large C-terminal 
catalytic domain, whereas clone 16 encodes only the last 471 amino acids. 
Their overlapping sequences (from amino acid 152) are identical, except for 
three point mutations that result in three amino acid differences in 
the catalytic domain of the enzyme (Thr411, Leu468, and Ser592 in clone 4 to 
Met411, Phe468, and Phe592 in clone 16, resp.). Both sequences could be 
amplified by polymerase chain reaction using templates of cDNAs derived from 
colon and brain of CDl mice and from L cells derived from the C3H/An mouse, 
indicating that both are natural isoforms found in two inbred and one outbred 
mouse strains. When expressed in C0S7 cells as a secreted protein A fusion 
protein, the catalytic domain of clone 16 displays .alpha. -1 
, 2-mannosidase activity using [ 3H] mannose-labeled 

Man9GlcNAc as substrate, but the corresponding region of clone 4 is poorly 
secreted under identical conditions. The contribution of each point 
***mutation*** to this differential secretion and enzyme activity of the two 
fusion proteins was assessed by testing the six recombinants corresponding to 
all the possible sequence permutations. Mutation of Phe592 to 
Ser592, as found in clone 4, is sufficient to abolish .alpha. - 
^^•^■^•k-k^ , 2-mannosidase activity, whereas mutation 

of Met411 to Thr411 or of Phe468 to Leu468 affects secretion with relatively 
little effect on enzyme activity. Phe592 is part of a highly conserved region 
that seems important for enzyme activity of class 1 .alpha. -1 
, 2-mannosidases . 
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mannosidase IB cDNA clones could be amplified by 
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study) 
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enzyme activity) 
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proportion of the thermolabile intermediate .alpha 
in cystic fibrosis (CF) plasma was 

creased thermostability of total I at pH 5.4, the pH used by 
(1979) in a method for detection of CF heterozygotes and 
rnatively, a mutation in the normally stable acidic 
s stable form would be reflected as a decreased stability of 

esp. if the proportion of acidic I was raised in CF. The 
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1: J Biol Chem 1996 Sep 27 ; 27 1 ( 39) : 23836-4 1 



Structural and functional aspects of chloride binding to Alteromonas 
haloplanctis alpha-amylase . 

Feller G, Bussy O, Houssier C, Gerday C. 

Laboratory of Biochemistry, Institute of Chemistry 86, University of Liege, 
B-4000 Liege, Belgium. 

Chloride is the allosteric effector of vertebrate pancreatic and salivary 
alpha-amylases and of the bacterial alpha-amylase from Alteromonas haloplanctis. 
Activation experiments of A. haloplanctis alpha-amylase by several monovalent 
anions show that a negative charge, not restricted to that of C1-, is essential 
for the amylolytic reaction. Engineering of the chloride binding site reveals 
that a basic residue is an essential component of the site. The mutation K337R 
alters the CI — binding properties, whereas the mutation K337Q produces an 
active, chloride-independent enzyme. Comparison of the Kd values for CI- in 
three homologous alpha-amylases also indicates that the binding affinity is 
dependent on the chloride coordination mode by this basic residue. Analysis of 
substrate and chloride binding according to the allosteric kinetic model shows 
that the chloride effector is not involved in substrate binding. By contrast, 
the pH dependence of activity and experiments of chemical modifications and Ca2+ 
inhibition show that the chloride ion is responsible for the pKa shift of 
catalytic groups and interacts with active site carboxyl groups. 

PMID: 8798613 [PubMed - indexed for MEDLINE] 



2: Appl Environ Microbiol 1994 Sep; 60 ( 9) : 3096-104 

Properties and active center of the thermostable branching enzyme from Bacillus 
stearothermophilus . 

Takata H, Takaha T, Kuriki T, Okada S, Takagi M, Imanaka T. 

Biochemical Research Laboratories, Ezaki Glico Co., Ltd., Osaka, Japan. 

Although the branching enzyme (EC 2.4.1.18) is a member of the alpha-amylase 
family, the characteristics are not understood. The thermostable branching 
enzyme gene from Bacillus stearothermophilus TRBE14 was cloned and expressed in 
Escherichia coli. The branching enzyme was purified to homogeneity, and various 
enzymatic properties were analyzed by our improved assay method. About 80% of 
activity was retained when the enzyme was heated at 60 degrees C for 30 min, and 
the optimum temperature for activity was around 50 degrees C. The enzyme was 
stable in the range of pH 7.5 to 9.5, and the optimum pH was 7.5. The nucleotide 
sequence of the gene was determined, and the active center of the enzyme was 
analyzed by means of site-directed mutagenesis. The catalytic residues were 
tentatively identified as two Asp residues and a Glu residue by comparison of 
the amino acid sequences of various branching enzymes from different sources and 
enzymes of the alpha-amylase family. When the Asp residues and Glu were replaced 
by Asn and Gin, respectively, the branching enzyme activities disappeared. The 
results suggested that these three residues are the catalytic residues and that 
the catalytic mechanism of the branching enzyme is basically identical to that 
of alpha-amylase. On the basis of these results, four conserved regions 
including catalytic residues and most of the substrate-binding residues of 
various branching enzymes are proposed. 

PMID: 7944355 [PubMed - indexed for MEDLINE] 



3: Eur J Biochem 1994 Apr 15 ; 221 ( 2 ): 64 9-54 

Residues essential for catalytic activity of soybean beta-amylase . 



Totsuka A, Nong VH, Kadokawa H, Kim CS, Itoh Y, Fukazawa C. 



Genetic Engineering Laboratory, National Food Research Institute, Ibaraki, 
Japan . 

To determine which amino acid residues are essential for the catalytic activity 
of soybean beta-amylase, deoxyoligonucleotide site-directed mutagenesis was 
employed against aspartyl, glutamyl, and cysteinyl residues located in highly 
conserved regions found in beta-amylase family to date. Both substitution of 
aspartic acid at position 101 and that of glutamic acid at position 186 of the 
enzyme by neutral and acidic amino acids, respectively, led to the complete 
elimination of activity, but did not induce any significant changes in circular 
dichroic spectra or the binding affinity for cyclomaltohexaose, a substrate 
analogue. Taking account of the results obtained here, the above two amino acid 
residues are involved in the catalytic site of soybean beta-amylase. The 
replacement of glutamic acid at position 345 decreased activity to below 6% of 
the non-mutant level, implying that this residue may also play a crucial role in 
beta-amylase activity, although it may not be involved at the catalytic site 
itself. In contrast, substitution of cysteinyl residue at position 95 by a 
serinyl residue led to a drastic reducing of the optimal temperature {from 50 
degrees C to 30 degrees C) , suggesting that this cysteinyl residue is 
responsible for the thermal stability of the enzyme. 

PMID: 8174545 [PubMed - indexed for MEDLINE] 



4: Eur J Biochem 1994 Apr 1 ; 221 ( 1 ): 277-84 

Domain B protruding at the third beta strand of the alpha/beta barrel in barley 
alpha-amylase confers distinct isozyme-specif ic properties. 

Rodenburg KW, Juge N, Guo XJ, Sogaard M, Chaix JC, Svensson B. 

Carlsberg Laboratory, Department of Chemistry, Copenhagen, Denmark, 

alpha-Amylases belong to the alpha/beta-barrel protein family in which the 
active site is created by residues located at the C-terminus of the beta strands 
and in the helix-connecting loops extending from these ends. In the 
alpha-amylase family, a small separate domain B protrudes at the C-terminus of 
the third beta strand of the (beta/alpha) 8-barrel framework. The 80% identical 
barley alpha-amylase isozymes 1 and 2 (AMYl and AMY2, respectively) differ in 
substrate affinity and turnover rate, CaC12 stimulation of activity, sensitivity 
to the endogenous 21-kDa alpha-amylase/subtilisin inhibitor, and stability at 
low pH. To identify regions that confer these isozyme-specif ic variations, 
AMY1-AMY2 hybrid cDNAs were generated by in vivo homologous recombination in 
yeast. The hybrids AMYl- { 1-90 ) -AMY2- { 90-403) and AMYl- (1-161) -AMY2- (161-403) 
characterized in this study contain the 90-residue and 161-residue N-terminal 
sequences, respectively, of AMYl and complementary C-terminal regions of AMY2 . 
AMYl- (1-90) -AMY2- (90-403) comprises the 60-amino-acid domain B of AMY2 and 
resembles this isozyme in sensitivity to alpha-amylase/subtilisin inhibitor and 
its low affinity for the substrates p-nitrophenyl alpha-D-maltoheptaoside, 
amylose and the inhibitor acarbose. Only AMYl- ( 1-161) -AMY2- ( 161-403) and AMYl, 
which both share domain B, are stable at low pH . However, AMY2 and both hybrid 
AMY species, but not AMYl, show maximum enzyme activity on insoluble blue starch 
at approximately 10 mM CaC12. Domain B thus determines several functional and 
stability properties that distinguish the barley alpha-amylase isozymes. 

PMID: 8168517 [PubMed - indexed for MEDLINE] 



5: Biochim Biophys Acta 1993 Sep 3; 1202 ( 1 ): 129-34 

Change of substrate specificity by chemical modification of lysine residues of 
porcine pancreatic alpha-amylase. 



Yamashita H, Nakatani H, Tonomura B. 

Department of Food Science and Technology, Faculty of Agriculture, Kyoto 
University, Japan. 

Lysine residues of porcine pancreatic alpha-amylase (PPA) were modified with 
trinitrobenzenesulfonate (TNBS) . 6 out of 21 lysine residues were modified per 
PPA molecule. Amylase activity (hydrolysis of the alpha-1 , 4-D-glucoside bond) 
was decreased to about 50% of the native enzyme, as judged from the kcat value 
at pH 6.9 after the modification, whereas maltosidase activity (hydrolysis of 
p-nitrophenyl-alpha-D-maltoside producing p-nitrophenol and maltose) was 
increased to about 250%. The increase in maltosidase activity of the modified 
PPA was due to the increase in kcat, but not to the decrease in Km. Modification 
of PPA with five kinds of acid anhydrides also caused the same effect as TNBS, 
including the number of modified lysine residues. The degree of increase in 
maltosidase activity was fairly proportional to the volume of the incorporated 
modification reagent. A modification protection study in the presence of 
maltotriitol (G30H) , which protected two out of six modifiable lysine residues 
against modification, suggested that a lysine residue at the substrate-binding 
site contributes to the change of substrate specificity. 

PMID: 8373816 [PubMed - indexed for MEDLINE] 



6: Eur J Biochem 1993 Feb 1 ; 211 ( 3) : 899-902 

Effect of mutation of an amino acid residue near the catalytic site on the 
activity of Bacillus stearothermophilus alpha-amylase. 

Takase K. 

Department of Molecular Biology, National Institute of Agrobiological Resources, 
Tsukuba, Japan. 

Site-directed mutagenesis of a thermostable alpha-amylase from Bacillus 
stearothermophilus was performed to assess the role of amino acid residues near 
the catalytic site in catalysis. Asn329 is presumed to be adjacent to the 
proposed catalytic residue Asp331. Its mutation to Lys, which is found at the 
corresponding position in pullulanase, resulted in the loss of 99.7% of the 
activity, while the mutation to Asp or Val did not drastically reduce the 
activity. The mutation to Val altered the temperature/activity profile so that 
the activity was reduced to 25% of wild-type alpha-amylase at 60 degrees C but 
was over twofold greater at 5 degrees C. This effect could be ascribed to a 
decrease in the activation enthalpy by 32%. The mutation to Asp or Lys altered 
the pH/activity profile concomitant with possible changes in the ionization 
state of the groups introduced. These results show the feasibility of altering 
and possibly improving the enzyme activity by mutagenesis of residues near the 
catalytic groups. 

PMID: 8436143 [PubMed - indexed for MEDLINE] 



7: Biochem Biophys Res Commun 1992 Feb 28 ; 183 ( 1 ): 286-91 

Multi-functional roles of a histidine residue in human pancreatic alpha-amylase. 
Ishikawa K, Matsui I, Honda K, Nakatani H. 

National Chemical Laboratory for Industry, Ibaraki, Japan. 

Functional roles of histidine residues at the active site in human pancreatic 
alpha-amylase were examined by protein engineering. Three histidine residues at 
101, 201, and 299 were converted to asparagine residues, respectively. It was 
found that His201 played multi-functional roles concerning so many functions; 
substrate binding, control of optimum pH, change in substrate specificity. 



activation by chloride ion, and inhibition by a proteinaceous inhibitor. 
PMID: 1543499 [PubMed - indexed for MEDLINE] 



8: J Bacterid 1991 Oct ; 173 ( 19) : 6147-52 

Analysis of the active center of Bacillus stearothermophilus neopullulanase , 
Kuriki T, Takata H, Okada S, Imanaka T. 

Biochemical Research Laboratories, Ezaki Glico Co., Ltd., Osaka, Japan. 

The active center of the neopullulanase from Bacillus stearothermophilus was 
analyzed by means of site-directed mutagenesis. The amino acid residues located 
in the active center of the neopullulanase were tentatively identified according 
to a molecular model of Taka-amylase A and homology analysis of the amino acid 
sequences of neopullulanse, Taka-amylase A, and other amylolytic enzymes. When 
amino acid residues Glu and Asp, corresponding to the putative catalytic sites, 
were replaced by the oppositely charged (His) or noncharged (Gin or Asn) amino 

acid residue, neopullulanase activities toward alpha- (1 4)- and 

alpha- (1 6) -glucosidic linkages disappeared. When the amino acids 

corresponding to the putative substrate-binding sites were replaced, the 

specificities of the mutated neopullulanases toward alpha- (1 4)- and 

alpha- (1 6) -glucosidic linkages were obviously different from that of the 

wild-type enzyme. This finding proves that one active center of neopullulanase 
participated in the dual activity toward alpha- (1 4)- and 

alpha- (1 6) -glucosidic linkages. Pullulan is a linear glucan of maltotriosyi 

units linked through alpha- (1 6 ) -glucosidic linkages. The production ratio of 

panose from pullulan was significantly increased by using the mutated 
neopullulanase which exhibited higher specificity toward the 

alpha- (1 4 ) -glucosidic linkage. In contrast, the production ratio of panose 

was obviously decreased by using the mutated neopullulanse which exhibited 
higher specificity toward the alpha- (1 6 ) -glucosidic linkage. 

PMID: 1917847 [PubMed - indexed for MEDLINE] 



9: Arch Biochem Biophys 1991 Aug 15; 28 9 (1 ): 124-9 

The pH dependence of the action pattern in porcine pancreatic 
alpha-amylase-catalyzed reaction for maltooligosaccharide substrates. 

Ishikawa K, Matsui I, Honda K, Kobayashi S, Nakatani H. 

National Chemical Laboratory for Industry, Ibaraki, Japan. 

Porcine pancreatic alpha-amylase (EC 3.2.1.1; abbreviated PPA) , which hydrolyzes 
alpha-D- (1, 4} glucosidic bonds in starch and amylose, displays an optimum at pH 
6.9 for the majority of substrates. The optimum pH, however, shifted to 5.2 for 
the hydrolysis of some low molecular substrates (Ishikawa, K., et al . , 1990, 
Biochemistry 29, 7119-7123) . Details of the substrate-dependent shift of the 
optimum pH in PPA were studied by use of a series of maltooligosaccharides with 
14C-labeled reducing end glucose as substrates. The optimum pH for maltotriose 
was 5.2, whereas that for maltopentaose and maltohexaose was unchanged at pH 
6.9. The pH profile for the intermediate size substrate maltotetraose showed 
abnormality; the apparent optimum pH was broadened between 5.5 and 6.5 and the 
bond cleavage pattern depended on pH, unlike that for the other substrates 
examined. These results were independent of either buffer systems or substrate 
concentration. Analyses of the hydrolysates of the maltooligosaccharides 
revealed that the shift of the optimum pH to the neutral region occurred only 
when the fifth subsite of PPA in the productive binding modes was occupied by a 
glucosyl residue of a substrate. The three-catalytic residue model of PPA 
deduced from the analysis of the hydrolysis of some modified 
maltooligosaccharides (p-nitrophenyl-alpha-D-maltoside, gamma-cyclodextrin. 



maltopentaitol, and maltohexaitol) (Ishikawa, K., et al., 1990, Biochemistry 29, 
- 7119-7123) was successfully adapted to the linear maltooligosaccharides used in 
this work. These results indicate that the different productive binding modes of 
the linear oligosaccharide substrates affect directly the catalytic power and 
the optimum pH of PPA. 

PMID: 1898059 [PubMed - indexed for MEDLINE] 



10: Biochemistry 1990 Jul 31; 29 (30) : 7119-23 

Substrate-dependent shift of optimum pH in porcine pancreatic 
alpha-amylase-catalyzed reactions . 

Ishikawa K, Matsui I, Honda K, Nakatani H. 

National Chemical Laboratory for Industry, Ibaraki, Japan. 

Porcine pancreatic alpha-amylase (EC 3.2.1.1, abbreviated as PPA) hydrolyzes 
alpha-D- ( 1, 4 ) glucosidic bonds in starch and amylose at random, and the optimum 
pH for the substrates is 6.9. The optimum pH, however, shifted to 5.2 for the 
hydrolytic reaction of low molecular weight oligosaccharide substrates such as 
p-nitrophenyl alpha-D-maltoside, gamma-cyclodextrin, maltotetaitol , and 
maltopentaitol. The optimum pH for the oligosaccharides consisting of more than 
five glucose residues, such as maltopentaose and maltohexaitol, was 6.9. From 
the analysis of the hydrolysates , it was clear that the shift of the optimum pH 
occurred only when the fifth subsite of PPA in the productive binding modes was 
occupied by a glucosyl residue of the substrates. The value of Km was 
independent of pH between 4 and 10 but that of kcat was dependent on pH. The pH 
profiles of kcat for the above substrates did not fit a simple bell-shaped curve 
predicted by a two-catalytic-group mechanism. Instead, they were well analyzed 
theoretically by three pK values and two intrinsic kcat values. Enthalpy changes 
for the three pK's (4.90, 5.35, and 8.55 at 30 degrees C) were determined from 
the temperature dependence of pH profiles for maltopentaitol and maltohexaitol 
to be 0.0, 2.87, and 7.33 kcal/mol, respectively. These results indicate that 
productive binding modes of the substrates directly affect the catalytic 
function of the enzyme. From the present thermodynamic analysis and reported 
three dimensional structure at the active site of PPA [Buisson, G. (1987) EMBO 
J. 6, 3909-3916], one can assume that a histidyl residue (101, 201, or 299) acts 
as a proton donor and two carboxyl groups (Asp 197, Glu 233, or Asp 300) act as 
proton donors or acceptors, and the productive binding mode covering the fifth 
subsite changes configurations between the catalytic residues and the glucosidic 
bond hydrolyzed and modulates kinetic parameters depending on pH . 

PMID: 2223766 [PubMed - indexed for MEDLINE] 



11: J Biochem (Tokyo) 1986 Apr; 99 (4 ): 1245-52 

Inspection of active sites of human salivary alpha-amylase isozymes by means of 
non-reducing-end substituted maltooligosaccharides with 2-pyridylamino residue. 

Omichi K, Ikenaka T. 

The modes of action of four alpha-amylase isozymes, which were purified from 
human saliva, on p-nitrophenyl alpha-maltopentaoside (G5P) , maltohexaitol {G6R) , 
and their 2-pyridylamino derivatives, p-nitrophenyl 

0-6-deoxy-6- [ (2-pyridyl) amino] -alpha-D-glucopyranosyl- (1 4 ) -0-alpha- 

D-glucopyranosyl- ( 1 4 ) -0-alpha-D-glucopyranosyl- ( 1 4 ) -0-alpha-D- 

glucopyranosyl- ( 1 4 ) -alpha-D-glucopyranoside (FG5P) and 

0-6-deoxy-6- [ (2-pyridyl) amino] -alpha-D-glucopyranosyl- (1 4 ) - 

0-alpha-D-glucopyranosyl- ( 1 4 ) -0-alpha-D-glucopyranosyl- ( 1 4 ) -0- 

alpha-D-glucopyranosyl- ( 1 4 ) -0-alpha-D-glucopyranosyl- (1 4 ) -D- glucitol 

(FG6R) were examined at various pH values. No differences in their modes of 
action on the substrates was found. Irrespective of which enzyme was used, the 



molar ratio of the hydrolysis products of G5P or G6R was almost constant at any 
pH examined. On the other hand, those of FG5P and FG6R varied with pH such that 
predominantly 0-6-deoxy-6- [ (2-pyridyl) amino] -alpha-D-glucopyranosyl- 

(1 4) -0-alpha-D-glucopyranosyl- (1 4)-D-glucose (FG3) was formed at high pH 

ranges, while the formation of 

0-6-deoxy-6- [ (2-pyridyl ) amino] -alpha-D-glucopyranosyl- ( 1 4 ) - 

0-alpha-D-glucopyranosyl- ( 1 4 ) -0-alpha-D-glucopyranosyl- ( 1 4 ) -D-gl ucose 

(FG4) increased at lower pH . The result indicates that the binding mode of FG5P 
or FG6R to the active sites of the enzymes changed with pH; namely, interactions 
between the 2-pyridylamino residue of the substrates and some amino acid 
residue (s) located in the active sites were influenced by pH. (ABSTRACT TRUNCATED 
AT 250 WORDS) 

PMID: 3486866 [PubMed - indexed for MEDLINE] 



12: J Biochem (Tokyo) 1983 Apr ; 93 ( 4 ): 1195-201 

Difference spectroscopic study of the interaction between soybean beta-amylase 
and substrate or substrate analogues . 

Nitta Y, Kunikata T, Watanabe T. 

1. In order to investigate the interactions between soybean beta-amylase [EC 
3.2.1.2] and ligands (maltotriose as substrate, and maltose and alpha- and 
beta-cyclodextrins as inhibitors for the hydrolysis of maltoheptaose) , the 
difference spectra were measured at 25 degrees C and pH 5.4, in 0.05 M acetate 
buffer. Each difference spectrum produced by these ligands showed a clear peak 
at 292-293 nm due to a tryptophan residue. In addition to this peak, the spectra 
of alpha- and beta-cyclodextrins showed a specific peak at 298-299 nm, and that 
of maltotriose showed a shoulder at 298 nm. 2. From the concentration dependency 
of the difference molar extinction delta epsilon, at 292-293 nm or at 298-299 
nm, the dissociation constant of the enzyme-ligand complex, Kd, was evaluated 
for maltotriose, and alpha- and beta-cyclodextrins. For each ligand, the Kd 
values obtained at these two wavelengths were in good agreement with Michaelis 
constant. Km, or the inhibitor constant, Ki. The Kd value for maltose obtained 
from the titration of delta epsilon at 292 nm was also in good agreement with 
Ki. 3. Maltose produced a hydrophobic change in the environment of the 
tryptophan residue, while the interactions of maltotriose, and alpha- and 
beta-cyclodextrins with this enzyme caused an electrostatic change in the 
vicinity of the tryptophan residue in addition to the hydrophobic change. Since 
the signal at 298-299 nm was not found in the difference spectrum of maltose, 
this signal may be due to a tryptophan residue different from that which 
produces the signal at 292-293 nm. If both the signals are due to the same 
tryptophan residue, we must conclude that some conformational change is caused 
in the enzyme active site by the ligand binding. 

PMID: 6190798 [PubMed - indexed for MEDLINE] 



13: J Biochem (Tokyo) 1982 Sep; 92 ( 3) : 653-9 

Kinetic study on chemical modification of taka-amylase A. I. Location and role 
of tryptophan residues. 

Kita Y, Fukazawa M, Nitta Y, Watanabe T. 

1. Five and four tryptophan residues in Taka-amylase A [EC 3.2.1.1] of A. oryzae 
(TAA) were modified with dimethyl ( 2-hydroxy-5-nitrobenzyl ) -sulfonium bromide 
(K-IWS) in the absence and the presence of 15% maltose (substrate analog), 
respectively. Only one tryptophan residue was modified with 

dimethyl (2-methoxy-5-nitrobenzyl) -sulfonium bromide (K-IIWS) irrespective of the 
presence or absence of maltose. Kinetic parameters (molecular activity, kO, 
Michaelis constant. Km, and inhibitor constant, Ki) of the enzyme modified with 
K-IWS and K-IIWS were determined. The kO value decreased with increase in the 



niamber of modified residues, but Km and Ki values and the type of inhibition 
were not altered by the modification. 2. The fluorescence quenching reaction of 
TAA with N-bromosuccinimide (NBS) proceeded in three phases. The second-order 
rate constants of the three phases were determined to be (4.3 +/- 0.5) x 10(5) 
M-1 . s-1, (2.1 +/- 0.3) X 10(3) M-1 . s-1 and (1.7 +/- 0.2) x 10(2) M-1 . s-1, 
respectively. In the presence of maltose, the first phase was further separated 
into two phases with rate constants of (4.6 +/- 0.6) x 10(6) M-1 . s-1 and (6.9 
+/- 1.1) X 10(4) M-1 . s-1, respectively. On the basis of the results, it is 
estimated that five out of nine tryptophan residues are accessible to the 
solvent and among them, two tryptophan residues are substantially exposed: one 
is located in the maltose binding site near the catalytic site (its modification 
affects the catalytic function) , and the other exists on the enzyme surface far 
from the active site. 

PMID: 6183254 [PubMed - indexed for MEDLINE] 



14: Biochemistry 1976 May 4 ; 15 ( 9) : 1987-93 

Identity and properties of the chloride effector binding site in hog pancreatic 
alpha-amylase . 

Lifshitz R, Levitzki A. 

The CI- activated alpha-amylase from mammalian sources has been shown previously 
to possess one CI- binding site per molecule (Levitzki, A., and Steer, M.L. 
(1974), Eur. J. Biochem. 41, 171). Upon binding of the CI- effector the kcat of 
the amylolytic reaction is increased 30-fold whereas the affinity toward the 
substrate remains unchanged. In the study presented here we have identified the 
CI- binding site as a single epsilon-amino group of lysine. The pK of the unique 
amino group was found to be 9.1, significantly lower than the pH of a free 
epsilon-amino group of lysine. This epsilon-NH2 group can be blocked by a 2, 
4-dinitrophenyl group upon treating the enzyme with 2, 4 -dinitrof luorobenzene at 
pH 7.9. The dinitrophenylamylase is devoid of CI- binding capacity but retains 
its substrate binding capacity. The dinitrophenylamylase also possesses the 
basal amylolytic activity characteristic of the unmodified CI- free enzyme, 
indicating that the catalytic machinery of the enzyme is not affected by 
dinitrophenylation. alpha-Limit dextrins and maltose which bind to the active 
site protect the enzyme against dinitrophenylation at lea-st as effectively as 
the CI- effector. These observations indicate that the CI- binding lysyl residue 
is close to the active site and, upon binding, the CI- effector induces an 
enhancement in the catalytic efficiency. 



PMID: 817737 [PubMed - 
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NiceZyme View of ENZYME: EC 3.2.1.113 



Official Name 


Mannosyl-oligosaccharide 1 ,2-alpha-mannosidase. 


Alternative Name(s) 


Mannosidase lA. 
Mannosidase IB. 


Reaction catalysed 


Hydrolysis of the terminal 1,2-linked alpha-D-mannose residues in the oligo-marmose oligosaccharide Man(9) 
(GlcNAc)(2). 


Comments 


• Involved in the synthesis of glycoproteins. 
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BRENDA:3.2.1.113 



' E.C. number 


3.2.1.113 (BRENDA copyright notice) 


Original Organism 


#1# Rat (male <i, 2>; Sprague-Dawley <i>; Wistar <2>) <i, 2, 7, 16, i?, 2]> 

#2# Rabbit <3. 15. 17> 

#3# Bovine fcalf) <10> 

#4# Human <5> 

#5# Pig <14, 20> 

#6# Dog<2l> 

#7# Mung bean <6. 9. 13> 

#8# Ricinus communis (castor bean") < 1 8> 

#9# Plants <19. 2 1> 

#10# Spodoptera frugiperda ('IPLB-SF-21AE. baculovirus-infecteH) 07> 
#11# Aspergillus orvzae <4. 8> 
#12# Aspergillus saitoi <li. 12> 

#14# Bacillus sp. <23> 


Systematic name 


1 ,2-alpha-Mannosyl-oligosaccharide alpha-D- 


Recommended name 


Mannosyl-oligosaccharide 1 ,2-alpha-mannosidase 


Synonyms 


^ Glycoprotein processing mannosidase I #l# <7> 

® Mannose-9 processing alpha-mannosidase 

® Exo-alpha- 1 ,2-mannanase 

^ 1,2-alpha-Mannosidase 

^ alpha- 1,2-Mannosidase 

® Mannosidase, exo-l,2-alpha- 

® Mannosidase IB 

^ Mannosidase I #12# <12> 

^ More #7# (not identical with aryl-alpha-mannosidase) <6> 
^ (alphal,2)-Mannosidase"I #10# <22> 

^ iVldn!7-maIinOSlCXaSc J?r ^.L3'^ 

® Mannosidase lA 


CAS registration 
number 


9068-25-1 


Reaction 


Hydrolysis of the terminal 1,2-linked alpha-D-mannose residues in the oligo-mannose 
oligosaccharide Man9(GlcNAc)2 


Reaction type 


Hydrolysis of 0-glycosyl compounds 


Substrates/products 


S: More #l,3-5,7,8,i_l,12,J4# (mannosidase I A and B are quite similar in substrate 
specificity, #}# <2>; pig liver enzyme substrate specificity resembles that of calf liver 
enzyme, #5# <14>; no hydrolysis of alphal,6-linkages, #7,12# <6, 12> or alpha 1,3 -linkages, 
#12# <12>; no substrates are 3-0-alpha- and 6-0-alpha-D-mannobioses, #11 # <4>; (Man)5 
(GlcNAc)2-Asn (i.e. GPI, #4# <5>), #4,ii# <4, 5>; GP III, #4# <5>; (Man)4-(GlcNAc)2, 



#8# <I8>; 4-methylumbelliferyl-alpha-mannoside, #5# <]4, 20>; 1 ,2-alpha-D-mannobiitol, 
#i4# <23>; little or no activity with 4-methylunibelliferyl-alpha-mannoside, aryl-alpha-D- 
mannosides, #3# <.10>) <2, 4-6, 10, 12, 14, ij, 20, 23> 

P: ? 

* S: (Glc)l(Man)9(GlcNAc)2 + H20 #3# (removal of one alpha 1,2-linked mannose) <H)> 
P:? 

^ S: alpha-D-Man-(l-2)-D-Man + H20 #U# <8> 
P: D-Mannose #U# <8> 

* S: Mannobiose + H20 # L2# <il.> 
P: D-Mannose #1_2# <1I> 

* S: 2-0-alpha-D-Mannopyranosyl-D-mannose + H20 <4> 

P: D-Mannose #li# <4> 

^ S: p-Nitrophenyl-alpha-D-mannoside + H20 # l# (mannosidase IB: poor substrate, 
mannosidase lA: no substrate, #1# <2>; not, #i-3,5,7,8,10-12,14# <4, 6, 10, 12, 14-L6, 1.8, 20- 
23>)<2> 

P:? 

* S: Baker's yeast mannan + H20 #iL,12,14# (releases 9.2% of total mannose, #il# <4>; 
alpha- 1,2-linked side-chains, #14# <23>) <4, 8, n, 23> 

P.? 

* S: (Glc)3(Man)9(GlcNAc)2 + H20 #3# (removal of one alpha 1,2-linked mannose) <iO> 
P:? 

^ S: Ovalbumin glycopeptide + H20 #2,1 0# (glycopeptide IV, #2# <i.5>) <15, 22> 
P:? 

^ S: High mannose chains of thyroglobulin and phytohemagglutinin-P #2# (thyroglobulin: 
70% of alphal,2-marmose residues accessible) <15> 

P: ? 

^ S: alpha- 1,2-Linked mannotetraose + H20 #14# <23.> 
P.? 

* S: GlcNAc-(Man)5GlcNAc + H20 #1# (poor substrate) <2> 
P:? 

* S: Manalpha(l -6)(Manalpha(l -3))Manalpha(l -6)(Manalpha(l -3))Manbeta( 1 -4)GlcNAc 
#i# (without alphal,2-linked mannose residues: poor substrate, #l# <l, 2>) <i, 2> 

P: (Man)4GlcNAc + (Man)3GlcNAc + mannose #1# <2> 

^ S: Methyl-2-O-alpha-D-maimopyranosyl-alpha-D-mannopyranoside + H20 #2# <15, \J> 

P:? 

* S : Manalpha( 1 -2)Manalpha( 1 -6)(Manalpha( 1 -3 ))Manalpha( 1 -6)(Manalpha( 1 -2Manalpha 
(l-2))Manalpha(l-3))Maiibeta(l-4)GlcNAcbeta(l-4)GlcNAc-peptide#l# <i> 

P: (Man)5(GlcNAc)-peptide + mannose #1# <}> 

^ S: Manalpha(l-2)Manalpha(l-3)Manbeta(l-4)GlcNAc + H20 #j2# <\2> 

P: ? 

S : (Manalpha 1 -2)nManalpha 1 -6(Manalpha 1 -3)Manalpha 1 -6(Manalpha 1-3) Manbeta 1 - 



4GlcNAcbetal-4GlcNAc + H20 #I2# <i2> 

P: Manalphal -6(Manalphal-3)Manalphal -6(Manalphal -3)Manbetal -4GlcNAc betal - 
4GlcNAc + mannose #J2# <\2> 

* S:Manalpha(l-2)Manalpha(l-6)(Manalpha(l-2)ManaIpha(l-3)Manalpha(l-6)(Manalpha 
(1 -2)Manalpha( 1 -2)Manalpha( 1 -3)Manbeta( 1 -4)GlcNAcbeta( 1 -4)GlcNAc #1,3-5,11 # (i.e. 
(Man)9(GlcNAc)2 #4# <5>; highly active on alpha(l-2) hnked mannooligosaccharides, 
#5,.l l# <4, 14>; removes 3 of the 4 alpha 1,2-linked mannosyl residues, #3,5# <10, 14, 20>; 
intact chitobiose core affects Man9-mannosidase specificity: reduction or removal of 
terminal N-acetylglucosamine residue increases hydrolytic susceptibility of the fourth 
alpha 1,2-mannosyl-linkage, #5# <20>; enzyme from endoplasmic reticulum removes only 
1 or 2 alphal,2-linked marmose residues, #i# <2l>) <4, 5, 10, 14, 20, 2l,> 

P: (Man)6(GlcNAc)2 + mannose #3,5# <10, 20> 

* S: Pyridylamino derivative of (Man)9(GlcNAc)2 + H20 #8# <18> 

P: Pyridylamino derivative of (Man)5(GlcNAc)2 + mannose #8# (after 120 h incubation, 
via specific intermediates: overview) <18> 

* S: Manalpha( 1 -2)Manalpha( 1 -6)(ManaIpha( 1 -3))Manalpha( 1 -6)(Manalpha( 1 -2Manalpha 
(l-2))Manalpha(l-3))Manbeta(l-4)GIcNAc #l# <l, J6> 

P: ? 

* S : Manalpha( 1 -2)Manalpha( 1 -6)(Manalpha( 1 -3 ))Manalpha( 1 -6)(ManaIpha( 1 -2Manalpha 
(l-2))Manalpha(l-3))Manbeta(l-4)GlcNAcbeta(l-4)GlcNAc #3,5# <iO, J4> 

P: ? 

* S : Manalpha( 1 -2)Manalpha( 1 -6)(Manalpha( 1 -3 ))Manalpha( 1 -6)(Manalpha( 1 -2)Manalpha 
(l-3))Manbeta(l-4)GlcNA #1# (hydrolysis at 39% (mannosidase IB) or 67% (mannosidase 
lA) the rate of (Man)9GlcNAc hydrolysis, #\# <2>) <i, 2, 16> 

P: ? 

^ S: Manalpha(l-6)(Manalpha(l-3))Manalpha(l-6)(Manalpha(l-2)Manalpha(l-3))Manbeta 
(l-4)GlcNAcbeta(l-4)GlcNAc-Asn #l# (hydrolysis at 18-25% the rate of (Man)9GlcNAc 
hydrolysis, #1# <2>) <i, 2, 16> 

P: ? 

* S: Manalpha( 1 -6)(Manalpha( 1 -3))Manalpha( 1 -6)(Manalpha( 1 -2)Manalpha( 1 -3))Manbeta 
(l-4)GlcNAcbeta(l-4)GlcNAc #4,1J# (i.e. GPIV, #4,ll# <4, 5>) <4, 5> 

P: (Man)5(GlcNAc)2-Asn + mannose #4,il# (i.e. GPI, #4# <5>; major product formed, 3.5 
mol maimose/mol GP IV per h, #4# <5>) <4, 5> 

^ S : Manalpha( 1 -6)(Manalpha( 1 -3))Manalpha( 1 -6)(Manalpha( 1 -2)Manalpha( 1 -3))Manbeta 
(l-4)GlcNAc #5.,.8,io,12# (preferred substrate, #.10# <22>; as in Taka-amylase A, #.12# <.l l>; 
very poor substrate, #5# <14, 20>; pyridylamino derivative of Manalphal -6(Manalphal -3) 
Manalphal -6(Manalphal-2Man alphal-3)ManbetaGlcNAc2, #8# <18>; not, #3# <10>) 
<11, 14, 18, 20, 22> 

P: (Man)5(GlcNAc)2 + mannose #8,io# (i.e. pyridylamino derivative of (Manalphal -3) 
Manbetal-4GlcNAcbetal-4GlcNAc, #8# <18>) <18, 22> 

* S:Manalpha(l-2)Manalpha(l-6)(Manalpha(l-2)Manalpha(l-3)Manalpha(l-6)(Manalpha 
(l-2)Manalpha(l-2)Manalpha(l-3)Manbeta(l-4)GlcNAc #1,5,7,13,14# (i.e. (Man) 
9GlcNAc, specific for alpha- 1,2-linked mannose residues, #1,14# <l, 23>; best substrate, 
#l# <2>; removes all 4 alphal,2-linked mannosyl residues, #1,7# <7, 13>; the terminal 
mannose on the middle antenna appears to be the most susceptible residue, #1# <16>) <l, 
2, 7, 9, 13, 16, 20, 21 , 23, 24> 

P: (Man)5GlcNAc + mannose #1,5,7,14# (and (Man)6GlcNAc, #l# <l>; after long-term 





incubation, #7# <9>; (Man)8GlcNAc, (Man)7GlcNAc and (Man)6GlcNAc after 4 h, 
(Man)8GlcNAc, (Man)7GlcNAc, (Man)6GlcNAc and (Man)5GlcNAc after 12 h 
incubation, #7# <9>) <i, 7, 9, Jl, 20, 23> 

* S : Manalpha( 1 -6)(Manalpha(l -3))Manalpha(l -6)(ManaIpha( 1 -3))Manbeta( 1 -4) 
GlcNAcbeta(l-4)GlcNAc #2,7# (i.e. Manalphal-2Manalphal-2-Manalphal-3 (Manaiphal- 
6)ManbetaGlcNAc-betaGlcNAc, #2,7# <3, 6, 15>; or heptasaccharide I, #7# <6>; without 
alphal ,2-linked mannose residues: no substrate, #1# <i6>) <3, 6, J5> 

P: (Man)4(GIcNAc)2 + (Man)3(GlcNAc)2 + mannose #7# <6> 

* S : Manalpha( 1 -2)ManaIpha( 1 -6)(Manalpha( 1 -3))Manalpha( 1 -6)(Manalpha( 1 -2)Manalpha 
(l-3))Manbeta(l-4)GlcNAcbeta(l-4)GlcNAc #3,5# <L0, 1.4> 

P: ? 

* S: Manalpha( 1 -2)Manalpha( 1 -6)(Manalpha( 1 -2)Manaipha( 1 -3))Manalpha( 1 -6)(Manalpha 
( 1 -2)Manalpha( 1 -2)Manalpha( 1 -3 )Manbeta( 1 -4)GlcNAcbeta( 1 -4)GlcNAc-hexapeptide 
#5# (substrate specificity not influenced by peptide moiety, removes 3 mannose residues) 
<2Q> 

P: (Man)6(GicNAc)2-hexapeptide + mannose #5# <20> 


Natural substrates 


More #l-4# (reaction during Asn-linked oligosaccharide biosynthesis, #1# <i>; involved in 
synthesis, #2# <3> and processing, #4# <5> of Asn-linked complex-type oligosaccharides of 
mammalian glycoproteins, #2,4# <3, 5>; involved in glycoprotein processing, #1 ,3,4# <5, 7, 
iP>) <i, 3, 5, 7, iO> 


Specific activity 
(micromol/min/mg) 


^ 34600 #12#<12> 
^ 12#11#<8> 

* 0.0000036 #8# ((Man)6-GlcNAc as substrate) <i8> 

* -999 #i-3,5,7# <2, 9, 10, i3-16> 


Km-value (mM) 


^ 1.25 #I2# {Manalphal-2Manalphal-3Manbetal-4GlcNAc} <12> 
^ 0.67 #12# {mannobiose} <ll> 

^ 0.6 #2# {methyl-mannopyranosyl-mannopyranoside} <17> 
^ 0.57 #ll# {2-0-alpha-D-marmopyranosyl-D-mannose} <4> 
^ 0.55 #2# {GPIV from ovalbumin} <15> 
^ 0.3 #13# {(Man)9GlcNAc} <24> 
^ 0.26 #8# {(Man)6GlcNAc} <18> 
^ 0.1 #l# {(Man)8GlcNAc} <l> 

^ -999 #5# (kinetic constants of various substrate derivatives) <20> 


pH-optimum 


® 7#14#<23> 

^ 6.5 #2# (in the presence of soybean phosphatidylinositol) <3> 
^ 6 #i,5,7,J0# (mannosidase lA and B, #J# <2>) <2, 9, 14, 16, 22> 

* 6-6.2 #3# <iO> 

* 6-6.5 #1# ((Man)8(GlcNAc)2-peptide as substrate) <1> 

* 5.5-6 #_7,8# (Man6B as substrate, #8# <18>) <6, 13, 18> 

* 5.5-6.5 #2# (in the presence of egg yolk lyso-phosphatidylcholine) <3> 

* 5 #IJ2# (Man(alphal-2)Man as substrate, #i# <2!>) <i2, 2J> 
^ 5-6#2#finther)resenceof 10mMCaC12 #'^#<i5>1<l5 17> 





^ 4.9-5.3 #U# (2-0-alpha-D-mannopyranosyl-D-mannose as substrate) 
* -999#l4#(pl:3.6)<23> 


pH-range 


* 5.5-7 #L3# (about half-maximal activity at pH 5.5 and 7, #i,3# <i, J0>; (Man)8(GlcNAc) 
2-peptide as substrate, #\# <I>) <i, J0> 

* 5.5-7.5 #2# (about half-maximal activity at pH 5.5 and 7.5, in the presence of soybean 
phosphatidylinositol) <3> 

^ 5.3-6.6 #10# (about half-maximal activity at pH 5.3 and 6.6) <22> 

^ 5.2-6.7 #5# (about half-maximal activity at pH 5.2 and 6.7) <14> 

^ 5.2-7.3 #2# (about half-maximal activity at pH 5.2 and 7.3, in the presence of egg yolk 
lyso-phosphatidylcholine) <3> 

* 4.8-6.8 #1# (about half-maximal activity at pH 4.8 and 6.8) <?> 

® 4-5,8 (about half-maximal activity at pH 4 and 5.8, 0.1 M acetate buffer) <4> 


Temperature- 
optimum (deg.C) 


^ 40 #8# (assay at) <! 8> 

^ 37 #]-5,7,]0-12# (assay at) <l-6, 10, 12-17, 22> 

® 30 #\2# (assay at) <il> 


Cofactors/prosthetic 
groups 


^ More #2# (no activation by negatively charged phospholipids, dibutyryl-phosphocholine) 
<3> 

® Phosphatidylcholines #2# (activation, with acyl-chains of different lengths, above C-4) 
<3> 

® Phosphatidylethanolamine #2# (activation, in the presence of 3.5 mM Triton X-100) <3> 

® Sphingomyelin #2# (activation, in the presence of 3.5 mM Triton X-100) <3> 

^ Triton X-100 #1,2,7# (requirement, #1# <16>; activation (together with zwitterionic 
phospholipids, #2# <3>), #2,7# <3, ?, 13>; 0.1%, #7# <9, 13>; 0.12%, no activation at 
0.07% and below, #\# <16>) <3, 9, 13, J 6> 

^ Zwitterionic phospholipids #2# (activation, required for solubilized and purified enzyme, 
independent of acyl chain length or degree of saturation, an ordered lipid structure of 
either micelles or bilayers, mixed micelles together with Triton X-100) <3> 


Metal ions/salts 


* Ca2+ #2,5,7,,8,10# (requirement, #2# <17>; activation, #2,5,7,8,10# <6, 9, 13-15, 18, 22>; most 
effective cation, #5# <14>; slight, #8# <18>; 5 mM, #7# <13>; microsomal enzyme, #7# 
<6>; mechanism, #2# <17>; not, #J4# <23>) <6, 9, 13-15, 17, 18, 22> 

* Cd2+ #1 1# (activation, 1 mM, inhibits at 10 mM) <4> 
^ Co24- #1# (slight activation) <9> 

* Cu2+ #7# (slight activation) <9> 

* Divalent cations #3# (requirement, not, #12# <12>) <10> 
^ Fe2+ #7# (slight activation) <9> 

* Mg2+ #5,7# (activation, #5,7# <13, 14>; less effective than Ca2+, #5# <14>; slight, #7# 
<13>; not, #11# <4>) <13, 14> 

^ Mn2+ #7# (slight activation) <9, 13> 

^ Zn2+ #5# (activation, less effective than Ca2+) < 14> 


Inhibitors 


® l,4-Dideoxy-l,4-imino-D-mannitol #i# (in vitro and in vivo, #I# <7>; not, #1,7,9# <9, 13, 
i9>) <7> 

^ l-Cyclohexyl-3-(2-morpholinyl-4-ethyl)carbodiimide/glycine methylester #12# <il> 



* 1-Deoxymannojirimycin #1-3,5,7,8, 10# (mannose analog, in vivo and in vitro, #i,2# <J7, 
I9>; reversible (not by Ca2+, #2# <i7>), #i# <\6>; rat liver enzyme, #i# <\9>; strong, #5# 
<20>; not (ER-enzyme, #i# <21>), #i,14# <21, 23>) <?, 10, L3-22> 

* Ag2+ (not, #12# <JLi>) <4> 

^ alphal,2-Linked oligosaccharides #7# <9, 13> 
^ alphal ,3-Linked oligosaccharides #7# <9, 13> 

* Ba2+#ii#(10mM)<4> 

* BAPTA #2# (i.e. 1 ,2-bis(2-aminophenoxy) ethane N,N,N',N'-tetraacetic acid) <15> 
^ Basic sugar analogs of mannose #.5# (strong) <14> 

® Cd2+ #8,ii# (strong, #8# <i8>; 10 mM, activation at 1 mM, # <4>) <4, 18> 
® Co2+ #1,2,H,12# (weak, #i# <i>) <i, 4, Ji, i5-17> 

^ Cu2+ #i,3,5,7,8,il,12# (strong, #7,8# <6, 18>; 10 mM, #11# <4>) <i, 4, 6, JO, H, 14, 16, i8> 
® D-Mannono-gamma-lactone #} ]# <4> 

^ D-Mannonolactam amidrazone #l# (mannosidase inhibitor, MDCK-cells: in vivo and in 
vitro) <2J > 

® EDTA #1-3,7,8,11- 1.4# (weak, #l,L2# <1, 11>; divalent cations, #.13# <24>; Ca2+, #1,2,7# <6, 
9, 13, 15, 21>; Mg2+ (slightly, #i# <2l>; not, #2,7# <9, 15>), #3# <10>; Sr2+ (slightly), #l# 
<21>; Zn2+ (not, #1,2# <15, 21>), #3# <10> or Mn2+ (less efficiently, #3# <10>; not, #l,2# 
<15, 2l>) restores, #l-3,7,.13# <6, 9, 10, 13, 15, 21, 24>; not Cu2+, #]# <21>; Co2+, #l,2# <15, 
21>; Ni2+ or Ba2+, #2# <15>) <,1, 4, 6, 9-il, 15, 16, 18, 21, 23, 24> 

^ EGTA #2# (i.e. ethylene glycol-bis[beta-aminoethylether]-N,N,N',N'-tetraacetic acid) <15> 

^ Fe2+ #11,12# <4, ll> 

^ Fe3+ #.8,.L1# (strong, #8# <18>) <4, 18> 

^ Hg2+ #8,li# (strong) <4, 18> 

^ lodoacetic acid #U,l2# (monoiodoacetic acid, 1 mM, weak, #12# <11>) <4, 11> 

^ Kifunensine #l,9.# (plant and animal Golgi mannosidase I, #l,9# <I9>; mannosidase I, not 
ER-enzyme from rat liver, #1# <21>) <19, 2l> 

® Mannosamine #7# (not, #12# <U>) <9, 13> 

^ Mannosyl-mannose disaccharide #.7# (in decreasing order of efficiency: alpha 1,2, alpha 
1,3 and alpha 1,6-mannosylmannose) <6> 

® Methyl-alpha-mannoside #12# (not, #l,]# <4>) <ii> 

^ Mn2+ #2,12# <11 , 15, i7> 

® More #l,2,5-i2# (mannosidase lA and B are quite similar in response to inhibitors, #1# 
<2>; no inhibition by L-cysteine, #ll# <4>; mannose, alpha 1,6-linked mannose 
oligosaccharide, castanospermine, deoxynojirimycin, 2,5-dihydroxymethyl-3,4- 
dihydroxypyrrolidine, #7# <9, 13.>; 4-nitrophenyl-alpha-mannoside, mannitol, L-mannono- 
1,4-lactone, PMSF, #12# <n>; Ca2+, #i# <16>; Mg2+, #l,2# <15-L7>; swainsonine (little 
or not, #5# <14>), #1,2,5,7-10,.14# <9, 13-15, 18-20, 22, 23.>; mannostatin A, #l,6# <1.9, 2.1> or 
N,N-dimethyl-l-deoxymannojirimycin (little or not, #5# <14>), #5# <14, 20>) <2, 4, 9, 1 1 , 
13-22> 

^ N-5-Carboxypentyldeoxymannojirimycin #3,5# (strong, #5# <20>) <10, 20> 
^ N-Methyl-deoxymannojirimycin #1,3, 5# <10, M, 19> 
^ Na+ #ll# (1 mM, weak, not at 10 mM) <4> 
^ Ni2+ #3# <10> 





^ p-Chloromercuriphenylsulfonic acid #i# <16> 

* PCMB #2# (Ca2+ protects, #2# <15>; not, #12# <U>) <15> 
^ Phosphatidylinositol #2# (CaC12 or NaCl restores) <15> 

^ Sn2+ #8# (strong) <ll> 

* Ti4+ #8# (strong) <J8> 

* Tris #i,2,8# (in vivo and in vitro, #2# <17>) <16-18> 
^ Tris/maleate <J> 

^ Zn2+ #2,7,8,il# (strong, #7# <6>; reversible by Ca2+, #2# <17>) <4, 6, 15, 17, 18> 


Source tissue 


^ Cell #13# <24> 

^ Cell suspension culture #6,10# (MDCK-cells, #6# <2i>) <2i, 22> 
^ Cotyledons #8# <18> 

* Culture filtrate #12# <n> 

^ Culture fluid and mycelium #12# (commercially available under the name of Morushin) 

<J2> 

^ Culture supernatant #14# <23> 
^ Hypocotyls #7# <6> 

* Liver#l-3,5,6#<l-3, 7, 10, 14-17, 19-21> 

^ Liver metastases of colon adenocarcinoma #4# <5> 

^ Madin-Darby canine kidney cells #!# (influenza virus-infected) <2i> 

Mycelium #12# <12> 
^ Seedlings #7,8# <6, 9, i8> 

^ Taka-diastase (enzyme-product from Sankyo Co., Ltd.) <4, 8> 


Localisation 


^ Cytosol #l,7# (2 enzymes: a membrane-bound microsomal and a soluble cytoplasmic one, 
#7# <6>; rat liver, #l# <2l>) <6, 2l> 

^ Endoplasmic reticulum #l,3,5# (rat liver, #1# <21>) <10, 20, 2l> 

® Golgi membranes #1,9,10# (cis-Golgi, #l,9# <19>) <l, 2, 16, 19, 22> 

^ Membrane-bound #l-7,9# (2 enzymes: a membrane-bound microsomal and a soluble 
cytoplasmic one, #7# <6>) <l-3, 5, 6, 9, 10, 13-17, 21> 

^ Microsomes #l-7,9# (2 enzymes: a membrane-bound microsomal and a soluble 

cytoplasmic one, #7# <6>; trans-membrane protein with cytosolic domain, #5# <14>) <3, 5, 
6, 9, 10, 13- 1 5, 1.7, 2J > 

^ Soluble #1,7# (2 enzymes: a membrane-bound microsomal and a soluble cytoplasmic one, 
#7# <6>; rat liver, #1# <2l>) <6, 21> 


Purification 


* #l# (partial <1, 2, 7>; mannosidase I A <16>; enzyme from endoplasmic reticulum <2l>) 
<U 2, 7, 16, 21> 

* # L0# <22> 

^ (affinity chromatography with baker's yeast mannan gel <8>) <4, 8> 

* #12#<12> 

^ #13# (recombinant enzyme) <24> 

^ #2# (partial, solubilization requires non-ionic detergents) <3> 





#3 # <10> 

* #4# (partial) <5> 

* #5# (affinity chromatography on immobilized N-5-carboxypentyl-l- 
deoxymannojirimycin) <]£> 

* #6# (partial) <2 ]> 

* #7# (partial <6>; affinity chromatography on mannan and mannosamine-Sepharose <9>) 
<6, 9, i3> 

* #8# (partial) <18> 


Molecular Weight 


* 460000 #7# (mung bean, microsomal enzyme, gel filtration, presumably in a micelle or 
aggregate containing detergent, phospholipid or other protein) <6> 

* 380000 #14# (Bacillus sp.)<23> 
^ 230000 m (rat, PAGE) <16> 

® 65000 #5# (pig, detected in freshly prepared crude microsomal extracts using polyclonal 
antibodies, during purification the native enzyme, MW 65000, loses a membrane-spanning 
domain without losing its catalytic activity) <14> 

* 49200 #2# (rabbit, sedimentation analysis) <i5> 
® 49000 #1 1# (Aspergillus oryzae, gel filtration) <4> 
® 40000 #2# (rabbit, gel filtration) <i5> 

^ 39000 #7# (mung bean, cytosolic enzyme, gel filtration) <6> 
-999 #2,12# (amino acid composition) <l 1, 15> 


Subunits 


^ ? #3,lO,i2# (x * 56000, bovine, SDS-PAGE <L0>; x * 63000, Spodoptera frugiperda, SDS- 
PAGE <22>; X * 64000, Aspergillus saitoi, SDS-PAGE <ll>) <io, 11, 22> 

* Dimer #14# (2 * 190000, Bacillus sp.) <23> 

^ Monomer #2,5# (1 * 49000, pig, SDS-PAGE <i4, 20>; 1 * 52000, rabbit, SDS-PAGE, 
under reducing and non-reducing conditions <15>) <14, 15, 20> 

* Tetramer #l# (4 * 57000-58000, rat, SDS-PAGE) <.16> 


Posttranslational 
modificatioii 


Glycoprotein #1,2,12# (19.4% neutral and 3.9% amino sugars, #12# <l l>; 0.88% hexoses, #l# 
<16>) <li, 15, i6> 


jri-sraDiiiiy 


5 #2# (above, stable) <I5> 


Temperature 
stability (deg.C) 


® 50 #1,1 1.# (90 min, about 60-70% loss of activity, #l# <l>; 1 h, in 0.1 M acetate buffer, pH 
5, 10% loss of activity, #li# <4>; mannosidase IB less stable than lA, #l# <2>) <l, 2, 4> 

* 37 #1# (24 h, in 0.1 M sodium acetate buffer, pH 5.8, 30% loss of activity) <2> 

^ -999 #l# (mannosidase lA and B differ in thermostability) <2> 


General stability 


^ #5# Enzyme loses a membrane-spanning domain during purification which does not alter 
its catalytic properties <20> 

^ #l# Mannosidase I A and B differ in sensitivity to storage in liver cytoplasmic extracts, no 
interconversion between mannosidase lA and IB during cellulose phosphate 
chromatography <2> 

* #5# Native enzyme protein is highly susceptible to proteolytic cleavage, not by 
glucopeptidase F <14> 


Storage stability 


^ #2# -20°C, in 10 mM HEPES/NaOH, pH 7.5, 2 mM MgC12, 0.1% Nonidet-P40, 0.2 M 
NaCl, less than 10% loss of activity within 3 months <i5> 



* 


* #J2# -20°C, in 10 mM sodium acetate buffer, pH 5, with or without 1 mM CaC12, at least 
4 months <12> 

* #i# 0-4°C, in 10 mM potassium phosphate buffer, pH 7.2, 0.5% Triton X-100, 4-6 months 
<16> 

* #7# 0-4°C, in buffer with 10% glycerol, purified enzyme, a few days, partially purified 
enzyme, at least 2 weeks <9> 

* #i# 2-4°C, in 10 mM potassium phosphate buffer, pH 7.2, 1% Triton X-100, 20% loss 
within 4 weeks <2> 

^ 4°C, 1 mg protein/ml, in 50 mM phosphate buffer, pH 6.5, 5 mM MgCI2, 0. 1% Triton 
X-100, 30 days <i> 

^ #12# 4°C, in 10 mM sodium acetate buffer, pH 5, with or without 1 mM CaC12, at least 4 
months < 12> 

^ #7# 4°C, in buffer with 10% glycerol, a few days, at early stage of purification at least 2 
weeks <13> 

^ 4°C, pH 4.5-6, at least 6 months <4> 
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